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the v -p and K -P charge-exchange reactions will
also show a similar sharp peak at small momen-
tum transfers. Of the known particles and reso-
nances, the p alone is exchanged in w -P and K -P
charge exchange.

In conclusion, the following differences of total
cross sections g(v+-P)-g(w -P) and o(P-P)-g(n
- p) can also be related to the p-meson trajectory
at t = 0.' At high energies the above differences
should approach 0 with the energy dependence
s~( ) . The experimental information indi-
cates9 that g(p -p) - o(n - p) & 2 mb in the momen-
tum range 5-25 GeV/c and a(& —P) - &r(v+ -P) = 2

mb in the momentum range 10-20 GeV/c. How-

ever, the experimental information on the n-P to-
tal cross section is scanty, and it is difficult to
obtain a(0) from v(p - p) - g(n - p). von Dardel et
al.' obtained a value of o;(0) = 0. 3 by fitting all of
the v+-P and m -P data between 4. 5 and 20 GeV/c
with a Regge pole formula. However, the data
are not inconsistent with a value of o. (0) = 0. 5 or
greater, and more experimental data are needed
to determine n(0) accurately. "
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The one-pion-exchange model for inelastic proc-
esses has achieved some success in describing
reactions like p+p-N~2*+++n and w +p -p +p.'
There are, however, processes such as

p++P -N *+++m
)e2

K++P —N *+++K,g2

n'+P -y, *++K+,

K +P-y, *++m,

(la)

(lb)

(1c)

(1d)

where one-w exchange or one-K exchange is for-

90

bidden but one-p or one-K* exchange is allowed. '
In this note we would like to present some specific
predictions of immediate experimental interest
based on the vector meson exchange model for
isobar production. ~ The results we report here
depend only on angular momentum and parity con-
siderations; more detailed calculations including
estimates of cross sections based on the "p-pho-
ton analogy" and the "broken eightfold way" will
appear in a separate communication.

%hen a spin-one particle is exchanged in Re-
actions (la)-(ld), we have a situation analogous
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to that of the electroproduction of a single pion,

+p g +p++ (2)

where a virtual photon is exchanged. The over-
all matrix element can be written as

(p +p ) ~c + ","~(n, '+m ')'M
gv m '] V v

=~ M (~'+m ')-'
V V V

(3)

(n'= Ikl'-k ', k =p -p ', m =m or m ~),

where p& (p&') is the four-momentum of the inci-
dent [final "peripheral" ) m or K meson, and k& is
the four-momentum of the exchanged vector mes-
on, as shown in Fig. 1. M~ is the matrix element
of the transition current appropriate to the reac-
tion

duction plane [the plane determined by p and p' of
the "two-body" processes (la)-(1d)]. For the po-
larization vector in the (transverse) electric and
magnetic matrix elements, we use the component
of v perpendicular to k, namely, v- (v k)k where
)i =k/Ik I; let a unit vector along this direction be
~T (where the subscript T stands for "transverse").
In contrast, the polarization vector that appears
in the longitudinal multipole must be parallel to
k. Note that cT, k, and n =(pxp')/Ipxp' I form
a set of mutually orthogonal unit vectors in the
isobar rest frame.

Using the standard expressions for the multi-
pole matrix elements, ' we can easily derive the
angular distribution of the "decay" pion whose mo-
mentum in the isobar rest system is denoted by
q. For a P~, isobar such as N~, * and Y,*, we ob-
tain the following decay distribution in the isobar
rest frame:

ol

p +P-N~, *++-f +m+

K*'+P -Y,*+-A+~ .

(4a)

(4b)
E2 -p&2 1- (q ri)',

1+3(q k)'.

Ml-P~, : 1+3(q n)', (5a)

(5b)

(5c)

It is important to note that for a given 6' only
three out of the four components of the polariza-
tion four-vector v& are independent. '

We can make an angular momentum and parity
decomposition of v M& in terms of ordinary po-
larization three-vectors as seen in the rest sys-
tem of the baryon isobar. As in the electropro-
duction of a single pion, ' it is convenient to use
the language of multipole expansion. In addition
to the usual magnetic and electric multipoles that
appear in the photoproduction of a single pion, we
also have a longitudinal multipole whose angular
momentum and parity properties are identical
with those of the electric multipole of the same
order. We therefore have three independent am-
plitudes, in general, that can lead to an isobar of
given total angular momentum and parity. It is
evident from (3) that our most general polariza-
tion (three-)vector v necessarily lies in the pro-

w, K

{p,p)i

//
~ popo)r

r w, K, K

FIG. 1. Vector-meson exchange mechanism for iso-
bar production.

It is well known that the angular distribution in
the photoproduction reaction

y+ p -N, +- p+p'

is in excellent agreement with that expected for a
pure Ml-p~, transition. '~' If the p meson is cou-
pled to the conserved isospin current, '~' we expect
that the matrix element for (4a) at h'=0 is pro-
portional to that for (6),'0 just as B"—~ = C",
N"—~ — " and C"*——C" have proportional
matrix elements in the conserved vector current
theory of weak interactions. " Because of this "p-
photon analogy, *' it is natural to assume that the
process (4a) also goes predominantly via Ml
rather than via E2 and L2. Further, using uni-
tary symmetry"&'~ which groups (N~, *,Yi*), (w, K),
and (p, K*) into the same unitary multiplets, we
may speculate that the process (4b) is also dom-
inated by M1-P~, .

To date, the most suggestive evidence for vec-
tor meson exchange in isobar production comes
from the work of Bertanza et al. '~ who observed
copious production of Yi*+ in Reaction (ld) at pK(lab)
= 2. 24 BeV/c but found no trace of the reaction

+& —Yx* +~+,

which is strictly forbidden by the K* exchange
model. Moreover, this group reports a decay
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angular distribution of Y,* of the form

1 + (0. 5 ~ 0. 6) (q n) + (4. 2 ~ 1.0) (q n)',

in excellent agreement with the decay distribution
(5a) expected for a pure Ml —P» transition. Once
we have established the dominant M1 character of
the K*-T,*-N vertex, we can argue that the K*
exchange model requires the same decay distri-
bution (5a) for Y,* in the ~+p reaction (lc) which
is obtained from the K p reaction (ld) just by in-
terchanging ("crossing") the incoming and outgo-
ing "peripheral" meson lines. This expectation
is fulfilled by the work of Yamamoto and collab-
orators" who observed, at Pv (lab) = 2. 77 BeV/c,
a Y, decay distribution quite consistent with (5a).
As for Reaction (lb), Kehoe'8 reports a remark-
ably pure 1+3(q n) distribution (without any azi-
muthal anisotropy) for N * decay at Pff(lab) = 910
Me V/c.

It is important to emphasize that if vector mes-
on exchange with Ml -P~, is dominant in Reac-
tions (la)-(ld), then the Adair method'7 for de-
termining the isobar spin must necessarily fail;
this is because the decay distribution (5a) implies
a decay distribution with respect to the "Adair di-
rection" p (averaged over azimuthal angles) of the
type 1- (3/5)(q p)2 which is very different from
the famous Adair distribution 1+3(q P}' expected
for a spin-3/2 isobar. So, from the point of view
of the vector meson exchange model, it is no sur-
prise that the Adair method has consistently failed
in determining the spins of baryon isobars. '

Near threshold, the production angular distri-
bution for "two-body" reactions (la)-(ld) must be
sin'6 rod divided by the slowly varying factor (n, '
+m&)', provided vector meson exchange with Ml
-P~, dominates. (To prove this statement just
note that the "magnetic field" goes like kx v c p
xp'. ) This agrees with the production angular
distribution observed by Kehoe for (lb} at a to-
tal c.m. energy close to m~+m~+. At higher
energies, however, we do expect the usual back-
ward peaking of the baryon isobar characteristic
of the peripheral model; this expectation is in
qualitative agreement with the data of references
14 and 15, but some additional a' dependence ap-
pears necessary.

At sufficiently high energies, Reactions (la)-
(ld) may be used to test the validity of unitary
symmetry which relates the K*-N - F,* vertex
to the p —N -Nz, * vertex, etc. In the unitary sym-
metry limit, we obtain"

v(a):a(b):o(c):(r(d) = 6:3:1:1

M2-d„: 1-(q ~ )',

Ll -ds, '. 1+3(q k)'. (10)

Finally we wish to propose a test of the one-
vector-meson exchange model analogous to that
given by Treiman and Yang" in the one-pion-
exchange case. (This test is applicable regard-
less of the quantum numbers of the isobar pro-
duced. ) Let us define the angle y through

(pxp') (kxq)
lpxp'l lkxql '

where, as in (5) and (10), the vectors p, p', k,
and q are to be evaluated in the isobar rest sys-
tem. The isobar decay distribution for fixed
cos8 =k q (or the decay distribution obtained af-
ter integrating over cos8) must be of the form

A +B cosp + C cos pq (12)

if one-vector-meson exchange is valid. To prove
this theorem we merely note that the matrix ele-
ment (3) is linear in the polarization vector that
can transmit information on the plane determined
by p and p'. Moreover, it is easy to show that
the presence of the B term necessarily indicates
interference with a longitudinal multipole.
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where we have assumed the now famous "tenfold
way" assignment" for N»* and Y', *. Other rela-
tions such as

g(v +p-N, *'+w')
&(v++p —bt„*+++~')

can be easily obtained from the charge independ-
ence of the p - N - N~, * vertex. More detailed
considerations based on the "broken eightfold way"
appear elsewhere.

The vector meson exchange model may be also
applicable to processes like

fc (v-)+p- Y,+(1520)+m (K'),

where 1'0*(1520) is known to be a d~, resonance. '0

The decay distributions analogous to (5) in the ds,
case turn out to be

El -ds, : 1+3(q e )',
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In an accompanying Letter by Stodolsky and
Sakurai, a model for isobar production by vector
meson exchange is presented. In this Letter the
predictions of that model are compared to the
results of an experimental investigation of the
process

The model a.ssumes that the fina, l-state v and
proton a.re the decay products of the 2=3/2, I
= 3/2 nucleon isobar which was produced by the
exchange of a p meson.

Z, '-v++7t . (2)

Candidates found in the scan were measured on
standard digitized equipment and analyzed in the

The events were found in a scan of 40000 pic-
tures from an exposure of the Berkeley 30-in.
propane bubble chamber to a separated beam of
K+ mesons. The beam momentum, over the run,
was distributed about 910 MeV/c with a variance
of approximately 40 MeV/c. Only those events
were considered which had associated with them
the decay of the E via the charged K, mode:


